I. Introduction
Egyptian drains receive large quantities of partially treated or untreated domestic and industrial wastewater, as well as other human activities, which in turn affect on the aquatic fauna in this drains [1] . The African catfish namely, Clarias gariepinus is one of the most popular fish species dwelling River Nile and drainage canals in Egypt [2, 3] . Few studies have examined variation of fish health in different locations [4, 5] . Recently, an increasing number of studies have been shown how fish and contamination can interact with each other [6] .
Heavy metals are referred to as 'conservative' pollutants because they are either not broken down at all, or they are broken down over such a long period of time that heavy metals essentially become permanent additions to the aquatic environment [7] . Most of heavy metals are characterized by being accumulated in tissues, and may lead to the poisoning of fish [8] . A heavy metal becomes toxic when a level is reached a degree where it damages the life functions of an organism. These pollutants have negative impacts, not only on water systems, but also on fish populations, their survival, growth and reproduction [9] .
The main objective of this study is to determine the seasonal variation of the heavy metals concentrations in three selected drains in Dakahlia Governorate, and to assess the accumulation of some heavy metals in gill and liver of African catfish (Clarias gariepinus). Consequently, evaluation the effect of these heavy metals on fish has been demonstrated. It is located in eastern of Dakahlia Governorate. It is characterized by industrial activities, agricultural drainage water and sewage water. The site of samples collection has coordinates: 31°13'42" N, 31°38'33" E.
Site 3
El-Mansoura ElMostagad drain (ElMansoura District)
It is located near the center of Dakahlia Governorate. It is characterized by industrial wastewater and agricultural drainage water. The site of the samples collection has coordinates: 31°05'00" N, 32°0'48" E. 
Environmental Measurements 2.2.1 Sampling and Analysis of Heavy Metals in the Drain Water
Heavy metals of drain samples were determined after digestion according to standard method (method for the examination of water and wastewater part 3000) [10] . The microelements; Pb, Cd, Zn, Co, Cr, Ni, Mn, Fe and Cu were analyzed in the collected water samples seasonally using Buck Scientific Accusys 211 atomic absorption spectrophotometer according to [10] .
Exposure to Heavy Metals in the Drain Water 2.3.1 Sampling and Analysis of Heavy Metals for Experimental Fish
A total of 60 specimens of the African catfish (Clarias gariepinus were collected from three study drain sites; 1, 2 and 3 in Dakahlia Governorate during seasonal intervals of the study period from 2015 to 2016. Control specimens of adult catfish, were collected from the River Nile at Kafr El-Tawila village (Talkha District, El-Dakahlia Governorate) and then were transported to Laboratory. The fish weight 200 to 350 grams were fed on a commercial pellet diet (3% of body weight per day) and kept together in 100 L rectangular tanks containing tap water conductivity 2000 ls cm-1; pH 7.5; oxygen saturation 88 to 95%; temperature 27 to 28°C for six months.
The fish weight and length were determined. The total length (L) of the fish was measured from the tip of the anterior part of the month to the caudal fin using meter rule calibrated in centimeters. Fish weight was measured after blot drying with a piece of clean hand towel. Weighing was done with a tabletop weighing balance in grams.
All fish samples were stored frozen immediately after collection at -10°C after that allowed thawing at room temperature. The fish samples after defrosting were dissected; liver and gill organs were taken with the help of a stainless steel stiletto. After dissection, all tissue samples were separately oven-dried to constant weight at 105±20°C and each ground to powder. The powdered samples were digested according to [11] . One gram of each sample was digested using 1.5.1 mixture of 70% perchloric acid, concentrated nitric acid and concentrated sulphuric acid at 80±5°C in a fume chamber, till colorless liquid was obtained. Each digested sample was diluted to 20 ml with de-ionized water and analyzed for heavy metals in a Buck Scientific Accusys 211 atomic absorption spectrophotometer. Values of heavy metals concentration were recorded in mg/l dry weight.
Histological Examination
A gill arch of the right side of each collected fish and Control gill specimens were photographed and analyzed by light microscopy (Nikon® Labophot) according to [12] .
Statistical Analysis
The condition factor (K) of the collected fish was estimated from the equation: K =100 W / L 3 , where K = condition factor, W = weight of fish, L = length of fish (cm) according to [13] . The accumulation factor (AF) of each heavy metal was calculated in gill and liver organs of C. gariepinus to give an indication about the accumulation efficiency for any particular pollutant in any fish organ according to [14] .
The significance of differences in heavy metals concentrations in the study sites and in fish at different seasons were analyzed using cluster analysis [15] . Variations in condition factors in relation to heavy metal concentrations were also analyzed statistically using Canonical Corresponding Analysis (CCA) using CANOCO [16, 17] .
III.
Results And Discussion It was noticed that, Cu concentrations were non-detectable in all study drain sites during summer and were also non-detectable for drain of site 3 in spring and autumn. The permissible limits for heavy metals in water set by [18, 19] (Table 2) .
The main sources of aquatic contamination are pesticides, drainage and waste waters from agricultural run-off, industrial effluents and domestic sewage [20] . Pollution of the aquatic ecosystem by heavy metals can be confirmed in the water, organisms [22] . Heavy metals are among the effective contaminants which have drastic environmental effect on all organisms [21] .
The condition factor value of C. gariepinus, was the maximum value of 1.66 in El-Manzala during autumn, while the minimum condition factor value of C. gariepinus was detected in El-Manzala during summer of value 0.53 with a mean condition factor value of 0.86 (Table 2 ).
In general the condition factor value of C. gariepinus in El-Manzala was higher than in El-Mansoura, whereas, the lowest values of condition factor were detected in Aga. According to the mean values of estimated heavy metals concentrations, it can be ranked as following: Cu > Ni > Mn > Co > Cd > Pb > Fe > Cr > Zn. In natural aquatic environments, metals occur in low concentrations, normally at nanograms to micrograms per liter level. In recent times, the occurrence of metal contaminants in excess of natural loads has become a problem of increasing concern. This occurs as a result of the rapid increase of population, increased urbanization and expansion of industrial activities, exploration and exploitation of natural resources, extension of irrigation and other modern agricultural practices, as well as the lack of environmental regulations [23] . In this study the values of heavy metals recorded in water samples were generally high when compared with the limit of chronic reference values suggested by [18] and [24] and the Egyptian laws [25, 26] . 
Accumulation of Heavy Metals in Fish Organs
In the present study, the heavy metals accumulated in gill of C. gariepinus, the highest mean concentration values of Pd, Cd, Zn and Cr were 3.607, 6.212, 1.648 and 2.683 µg/g dry wt, respectively, recorded in the drain of site 1, while the highest mean concentration values of Co, Ni, Fe and Cu were 7.752, 9.933, 14.578 and 2.374 µg/g dry wt, respectively, recorded in the drain of site 2. The highest mean concentration values of Mn were 2.759 µg/g dry wt, recorded in the drain of site 3. According to [27] , the maximum accumulation heavy metals was detected in gills and this is may be due to their high capacity to accumulate heavy metals brought by blood from other tissues including liver and muscles of the body and induce the production of the metal binding protein, metallothionein, that is believed to have a crucial role against the heavy metals by binding them [28] . The lowest mean concentration values of Pd, Cr and Mn were 0.003, 0.041 and 0.007 µg/g dry wt, respectively, recorded in the drain of site 1, while the lowest concentration values of Cd, Zn, Co, Ni, Fe and Cu were 0.008, 0.520, 0.003, 0.009, 0.003 and 0.009 µg/g dry wt, respectively, recorded in the drain of site 2. The concentrations of Pd, Cd, Zn, Co, Cr, Ni, Mn, Fe and Cu for the gill of the control sample of C. gariepinus were 0.002, 0.008, 0.831, 0.004, 0.216, 0.013, 0.218, 0.492 and 0.002 µg/g dry wt, respectively, (Table 3) . (Table 3) . Heavy metals can alter species organ compositions and interspecific interaction [30, 31] . Tables (3 and 4) show the heavy metals concentration accumulated in gill and liver and the accumulation factor of heavy metals in these organs of C. gariepinus, in the three study sites during four seasons. It has been found that the liver attained the highest accumulation values of heavy metals followed by the gills. These findings agree with the results of [32, 33] and [34] who found that the distribution of the heavy metals in the investigated organs was shown to follow the order: liver > gills > muscles.
The present results showed that the heavy metals concentrations in fish organs (gills and liver) of C. gariepinus were relatively associated with metal content of water samples in the three drains and detected in the following order: Fe > Ni > Cd > Pd > Cr > Mn > Zn > Cu > Co. Study by [25] on water heavy metals of ElManzala and Burullos lakes and Oreochromis niloticus organs (muscle, gill and liver) found that the detected heavy metals in fish organs were in the following rank: Fe > Zn > Cu > Mn > Pb > Cd. A significant relationship between heavy metals concentrations in aquatic organisms and water were observed by [36] and [37] . The present results indicated that the heavy metals concentrations in fish organs in El-Manzala were higher than in both of Aga and El-Mansoura drain sites.
Variations in the levels of heavy metals among the fish organs may be explained mainly in terms of the chemical forms of the elements and their concentrations in the local ecosystem, microbiological activity and differences in fish size. Also, different feeding habits of fish also contributes to the variation in metal accumulation. A direct relationship between the trophic level heavy metals accumulation in the fish, reported that omnivorous fish as C. gariepinus, had higher levels of heavy metals in its organs than carnivorous and planktivorus [38] . The difference in the accumulation of heavy metals in various organs of fish may be related to the proximity of the organ tissues to absorb the metals, i.e., the quantity present in water, sediment, plankton, age and type of the fish and presence of ligands in the organ tissues having an affinity to the metal and/or to the role of the tissue in the detoxification process [39] . The gills and liver were chosen as important organs for assessing metals accumulation. The high levels of heavy metals in the gills reflect the concentrations of metals in the waters, where the fish live, while the concentrations of metals in liver represent storage of metals in the fish body [40, 34] .
The obtained results in the present study showed that, the highest concentrations of Fe and Pd were accumulated in liver. Cd and Cu concentration increased in fish liver collected from water near the agricultural areas [41] . The high accumulation of heavy metals in liver and gills affect on amount of the proteins which are synthesized in liver and gills organs when fishes were exposed to heavy metals and detoxify them [42] . These proteins are thought to have an important role in protecting them from damage by heavy metals. Gills are also the site in which, directly exposed to the ambient conditions and are also known for their excretory functions even for some metals like zinc [43] . Moreover, another results observations were reported by other authors carried out with various fish species [44, 45] .
Accumulation factor percentage of heavy metals in different organs
As can be seen in Figs. 1 and 2 . In comparing of accumulation factor % of heavy metals (Pb, Cd, Zn, Co, Cr, Ni, Mn, Fe and Cu) in different organs (gills and liver) of C. gariepinus, it is clear that Fe has the highest ability to accumulate in gills of C. gariepinus, as its accumulation factor % of Fe was 30.75% followed by Ni which record accumulation 14.41%. Whereas, accumulation factor % of Cd, Cr, Pd, Co, Zn and Mn were 12.79, 8.25, 7.75, 7.56, 6.8 and 6.81%, respectively. However, Cu (4.85%) showed the lowest ability for accumulation % in gills of C. gariepinus (Fig. 2) .
Concerning liver of C. gariepinus Fe has the highest ability to accumulate in liver of C. gariepinus, as accumulation factor % of Fe was 57.94% followed by Pd which record accumulation factor 10.24%, Whereas, accumulation factor % of Cr, Ni, Cd, Zn, Mn and Cu (6.05, 6.05, 6.95, 4.92, 4.39 and 3.62 ). However, Co (0.82%) showed the lowest ability for accumulation percent in liver of C. gariepinus (Fig. 3) . The microscopic photograph structures of gills from control C. gariepinus and specimens were collected form sites 1, 2 and 3 were shown in Figs. 4, 5, 6 and 7, respectively. The pathological changes in the gills of catfish C. gariepinus may be due to a reaction to heavy metal toxicants intake or an adaptive response to prevent the entry of the pollutants through the gill surface. Several investigators had approved histopathological changes in the gills of different fish species exposed to heavy metals [46] . Since gills are the respiratory and osmoregulatory organ of the fish, the histopathological changes in the gills might impair the respiratory function of the gills by reducing respiratory surface area, resulted in hypoxia, respiratory failure problems [47 ; 48] and this badly affects the physiology and may be lead to the death of fish [49] . In the present study, it is noticed a wide spectrum of histopathologies was revealed in the gills of C. gariepinus fish collected from the selected drains. The present results are in agreement with others observed in fish under the influence of different pollutants [50; 51] . In this point, [52; 53] observed hyperplasia of the epithelial cells, fusion of secondary lamellae, lifting of the lamellar epithelium, hyperplasia of mucous cells, edema in gill filaments and secondary lamellae, necrosis of epithelial cells and blood congestion in the gills of fish inhabited water polluted by industrial, domestic and agricultural wastes. These results in the increase of the distance between the external environment and the blood and thus serve as a barrier to the entrance of contaminants [54] . The microscopic photograph structures of liver from control C. gariepinus and specimens were collected form sites 1, 2 and 3 were shown in Figs. 8, 9, 10 and 11, respectively.
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The liver is particularly susceptible to damage from many of toxicants. One of the most important functions of liver is to clean pollutants from the blood, so it is considered as an indicator of aquatic environmental pollution [55] . Obviously, it is clearly that liver changes in the C. gariepinus fish samples were more severe and in some cases irreparable, reflecting the poor water quality of selected drains. The changes may be related to the direct toxic effects of pollutants on hepatocytes; the present study suggested a strong link between heavy metals and lesions in the liver. Heavy metals might cause liver damage was cited [56] . Similar results after exposure of C. gariepinus to lead pollution were discussed [57] .
Studies related to the liver of examined fish that showed Hepatocyte vacuolization, hepatic cirrhosis, necrosis, shrinkage, parenchyma degeneration, thrombosis formation in central veins, nuclear pyknosis, dilation and congestion in blood sinusoids, fibrosis or increase of sinusoidal spaces and cloudy swelling or fatty degeneration were observed by different researchers [58] and [55] . Consequently, the histopathological alterations observed in the gills and liver of the studied fish may be attributed to the effects of the agricultural, industrial and sewage wastes.
Classification of different study sites at different seasons according to water heavy metals concentrations
The cluster analysis program analyzes the input data of heavy metals values of different investigated sites for different seasons, then grouped them where the high similarity index in heavy metal values between each (site-season) type appears within the same group. Whereas, the differential index heavy metals were divide values for groups (A, B & C). The application of cluster analysis based on the similarity in heavy metals values of different study sites at different seasons (12 variables) led to the recognition of three groups (Fig. 12) 
Classification of different study sites at different seasons according heavy metals accumulated in different organs
The application of cluster analysis based on the similarity in heavy metals accumulated in different organs of C. gariepinus of different study sites at different seasons (12 variables) led to the recognition of four groups A -D (Fig. 13) . Group A comprises three study-season types, sites 1 and 2 in spring and site 2 in winter. Group B comprises six study-season types, site 3 during the four seasons in addition to site 1 at autumn and spring. Group C comprises one study-season type, site 1 at summer. Group D comprises two study-season types, site 2 at summer and autumn. It is seem that the accumulation of heavy metals generally did not have a significant difference in all seasons in El-Mansoura (site 3) study drain site. 
Abbreviations:
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Correlation between condition factor of fish and heavy metal values of water
The Canonical Correspondence Analysis (CCA) program analyzes the input data of all heavy metals concentration values with different condition factor values of C. gariepinus for each site seasonally then detect the degree of correlation between each heavy metal in water with condition factor values of fish, whereas the arrow length of each parameter represents the effective degree of this parameter on condition factor value. The correlation between heavy metals and condition factor values was indicated on the ordination diagram produced by (CCA) as shown in Fig. (14) . It is clearly that, cadmium, chromium, cobalt, iron, zinc and lead were the most important water heavy metals affecting the condition factor values of C. gariepinus in different study sites in all seasons. 
IV. Conclusion And Recommendation
1. Application of cluster analysis based on the similarity in water heavy metals concentrations and heavy metals accumulated in different organs of C. gariepinus at different seasons (12 variables) led to the recognition of three and four groups, respectively. 2. The correlation between heavy metal in water samples with condition factor values of fish on the ordination diagram produced by Canonical Correspondence Analysis (CCA) indicated that, cadmium, chromium, cobalt, iron, zinc and lead were the most important water heavy metals affecting the condition factor values of C. gariepinus in different study sites at all seasons. 3. Heavy metals are suitable tools to investigate fish ecology. The close relationships of the heavy metals in water to the fish organs have led to the use of heavy metals as biological indicators. Heavy metals conc. in water samples collected form Aga, El-Manzala and El-Mansoura study drain sites could be ranked as follows: Cu > Ni > Mn > Co > Cd > Pb > Fe > Cr > Zn. 4 . Heavy metals concentrations in fish organs of C. gariepinus were relatively associated with metal content of water in the three drains and detected in the following order: Fe > Ni > Cd > Pd > Cr > Mn > Zn > Cu > Co in the investigated parts )organs) was shown to follow the order: liver > gills > muscles. 5. The element levels of fish muscles in this study were over the allowable concentration suggested by WHO (2005) and this will affect negatively to public health. 6. Histopathological alterations observed in the gills and liver of the studied fish may be attributed to the effects of the agricultural, industrial and sewage wastes. 7. Fish represent an important source of animal protein for people in Egypt. Strict control enforced by laws regulation should be applied over polluted industrial wastewater, agricultural drainage water and sewage water debouches into the drains and people ate fish from these polluted drains.
